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^£ 5L^eHH =L^io] ©H*l# *iel*Rr &©1 

Ai, *£e} h]e S ^s)<H <g^3fe- ©1*1*1 SMi^l neilol #7] SflBl^ 

£^zh°5L upr°l zl ^o. s ^-g. #3*Kr ^wlold«-Sf, #71 ©J^ ©1*1*1 zf 

afcM -SMr-a- ^-71 -g-sfl^&o.^ uj-fe ^^lltii ^ *M*Hr M-*1*l Til 

oj7jl*l7> sl^ s>=^#-a- 31 ©1^-5. $X$r ^7) M-^l 

*mo.S. ^ ©1*1*1 A n^H ^^-^ ^-71 Bfl°ll:S] rfl-g-jq 

^ Zl- Sj-^l ©]7ll*l ^^-Zjhuf tiling * , 2*l2Hr}al #^€rRr Wl^w-fil-, #7l *}. = ^. 
Bflol^SJfEi Z|- $-^9) <y 711*1 ^S^ZJM #^5li^- *iM*Kr ^1*1 *ih 

#?1 rlHHc)^^ #^51^ =L ^ ©1*1*1 Zl- 2^1^ 

^ell ©1 ^-§-#4 #7l wl^S-^-Bl 2*1^- *lsl^ ^ ©1*1*1 A ^-efl 

©1 ^^M: A ^^S. 7}#f>}^ ^Tt}^ 7R>7l^-, #7l 7^71 S^Ei ^ 

El tJ]E t^cl^^ ©J^ ©1*1*11- zl- s^o} o] ^^-^ofl rcj-e}- ^.g. ^^5. 
^S§}©1 ^is. Cfs. 3.71 ©i $o_s. ©JiflS]S^- ^s^-s. ^p-S^-g- # 

©.S. ^ =^BHl*i ZLeflo] 7}*] c]nl*l^ ^1^- ^3 3£#SH ^P" 
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3M*i «i sr^Ei, ^ rlu^, 2^2}-, ZL^H gflig 
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CIRCUIT AND METHOD FOR MULTI-BIT DITHERING IMAGE C0NSISTOF GRAY DATA IN LBP} 

£ l£r ^Hfl 3M*i S^EiSl 2^151- ^ ^JE, 

£ 2^r ^efl 2^5}- ^S.o]]A^ ^e) 

£ 3^- ^- ^a] oflofl Txfe. eflo]^] S^E]^ cf^^. ^e] sis ^E, 

i 4^ t^^l^- ^el <a^l£. 



<5> ^Tg^ 5flol^ hi SilB](Laser Beam Printer: LBPH1 %°-S., ^} 

*i ^ S^eHH ZL^jo] (Gray) o)v}*\% ^ 

*H a^lf-^l 2^1Sr^B| rflAl nf^l^-(Multi-bit) ^-§-^5. 

*] tr^^m Sl^^-i: SIS- ^ *<HH1 £btb ^^14. 

<6> i3i n^B]» a|-g-tr ^3 tils olnlxKMulti bit 

image), ^ ^Tfl^CGray scale) ^nl*]^. ^ 2*15}- oln]*l i&£h§- a>^-^ iu] 
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S tilS^dBit Bitmap)°-5. ^ e)lo]^ Sl^tf. 

£ M- #S*>^ , #7] 2*13^3.^- ^^fe %^ ZLeflo] 5)1^^- 7 }%\ 6\u)*\ 

cfl # 1*1 m 5. ifi^ nfl = = Bfl^mCHalf tone table) (102) 

31- o)n]^ 3.7} ^ ^*fl *i3*Kr 5}-^ fl*H ^ Sfl^s}-^ <S$l*\ 

(Threshold Value W ^-g-*Rr 6r^^ £^§- 9X^ ^o]^(102)-^ a||<H*r 

fe $1*1 ^-(Position Controller) (104)5* ^sJtt ©1*1*1 ^ zl^o] 

ltilM. cilo}Ei3. 2*l3j-SH #^l"b ^l^ (Comparator) (100)5. ^^cf. 
©11:(102)3 ^ ^*15^ 9j7fl*Hl Sfl^Rr = gl^ ^ 5&£^ ^$1*1, 

^ *fl°ll:(102HM*r -8-71 ^ fl*H €^fl£R=: 4 Sfcfcia] 3J31*W Sfl^Rr 

w] in «-( 100)5. °H ^ «1 jWl00)<HHfe ^^tt ©1*1 *1 A 

^±.9\ ZL^}o] *>S# IK 102)5.^ <^7}^ A ^Jfl^W *fl^*r 

fe ^S^SM: ^^1^ O.5. ^7l Al^ ^7l# tilJUtlr ^, #7] ^fl^^ 3.^ ol 
°1 #71 <$7\]*) ^#^21- 3.7]^ ^o_^ feel Sl-olAljL T-§- #^«rul, *K£.£ fee] 
S-f^lS '0'^§- #^Al^lCf. ZLClJl #7l<4 ^-Ol til 100)5.^-^51 2^1^ #^&£r 

3H*1 J2AJH*i 71^ -g-*l$H ^lifl7> ols^^^ 

<9> J£ 2^1 (a)Sr ©1*1*1 ^ 3fc±^ ^&^r ^oIji, £ 2^ (b) 

fe tfloi ^-(102)5^ «?i7>5ife a •a^i^Hi tfl^m *i-j*^3Mr s.*m 
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3E$ £ 23 (c)fe £ 2^ ( a )3 ^°1 ^€ ^3 °H*1 ^ 5^3 ^1°1 ^ 
^^o] s. 23 (b)3- ^^1^1^ tilmsLH 2*1 *lem wliZ^(100)3.Y3 

#^ £*l*b 

<io> 4*, ^-7] £ 23 (cW 3# #3°1H *r 5£^r «V3- £°1 H3 

<33 °H*1» #^*1 1«1^ cflolBlS. 2*l3Wb ^2fl 2*]S*- <=L[^3^ o] 

*1*13 ^-§: *?H &3". 

<n> <>1» 3^fl °H*13 M-i- <Hi^82. l^lES #3^1 

?i 7l 3*fl 3*}s.<S3 <^7fl3 3-2.3. ^ ^^>ai <5}n^ ^3 £7 

£.5. (On/Of 0*1*1 ^3 7fl^» 7>^Al^O.^ o)v]z\ Z}- ^3 uj-Ej-vfl 

AV-g-SH #3-. 

<12> ZLeU-fl ^1-713- ^-o] <^6]7fl3 3°1 S- c > *>M-3 €- ^ ^^Rr IhU^r 

# ^^1^ ^"3-^ <*r Si^r Sflt^ ^1^> is\S.]Er €3 3.71 7} ^^lTfl 

3JI, ^o] JE*l*Hr 3<=>1 ^^3^1 m^-^Hl <?1^3^ olnl^7> nfl-f 7] 

^3-. atb ^§ 01*1*13 -^£7} ^7V^1 

^ JL^7>^tb ^-3M 2Ht^7> ^^^lTfl 3<H <3*1 ^l^fl °13*13 ^^171711 

3^ -S-*ll^°l 9X9X^. 

<13> y>5^ ;g-ol ^Efl 2^l5|- ^Bl^Si* ^3 ^ ^ ^1*1*1 ^ 5^ 

# ^^r^l ?1 71 nfl^-oll -S>H^ ^ol # ^o.oll^ ^ ^-3H 31 

t^r7> ^1°> €3 3-71 7> tH^I 711 3^1, ^-O-S- = $ €°1 5.^1 *Hr 3°1 
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*\%S)7) ^-g- 0 !] Si 3)3^- °H*l7> ^ Ti^Tfl 9X°-*\, ^ 

°1 ^ ^-f^l^ <>H ^^3E7> ^7}-*>*m a^7>^*V ZLeflo] Sflt^7V 3<H*l7ll 

<14> 14 ^ ^-^^r 511 °1 ^ W J^T °l-§-t> Sl^A] *>s^. ^o} 3.7l» 



<15> Aj-^ S.^ O. ^^71 ^ ^ 3^^^ o)X2}^ 

^}^. ^\^}^ S^l ^3 WlMS. ^S)^ 01*1*1 ^ ^xSfl 

°1 4j£-3Mr #71 5.^^ ZL ^ #^*Rr 

t-l^-sq-, ^71 <gs? olnl^l z}- ziellol a^^o. «^£o_5L M-fe t-M*1# 

-5.5- #^*Kr M-^^l ^1^^, <33l*l7> £)^r *1-H^3M: n<>]^S. $X 

^ = § Ellol^-uif, Aj- 7 1 ^^^o. S <$^ oini^ ^ ^01 ^5,10! Aj«.^ 

^•71 = 31 ol^- ol tflo.^ Z}- oj^ ^S.^^ til^tt ^, 2*1 S}-*>^ # 

3*Rr tllJIl^, Aj- 7 1 = § 3Hl"5.^-£l Z}- 5^0} o]^^l ^n^.^01 ^3 o_s_ 
#^5l£^- *lM*Rr 31*1 ^H^, ^"71 clH>olcl^-S.^-Bl #^S]^ n ^ 

ol^lX) Z}- SM^I ^71 HlJffl^-^Ei 2*1 Sj- x\ el 

^ ^ olDl^l Zl- ^Sl ^Olol Aj«.^ zl- S^^S 7>^H #3*H=r 7}#7)<%, 
^"71 7^71 S--^- El ^H] «1JL tqc-1^^ Olpl^l* Z}- ZL$]o] A^« 

#o(| ccfe} *i^°-£. ^s*H ^is 3.71^1 sl^S--^- ^Hs-f 

^ €^ ^S^-S. ^-^^-S ^ S^E^lA^ neflol Aj a-o. 7 j.^i ol nl>q oj 
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t|-*13. ^B] $3.^ i#*H ^ 0.3. tH}. 

S-*WM *l^-ir T^HlTll ^olcf. ziB)3L A^l-l- -M^]- 
Tfl *1 ^ ^] 7)^r ^ cfltb ^Mltt ^3=W. 

<17> £ 3^r ^-^S] -£X\ d\}6\] ^ 5)] o] ^ ^^ojj*| zz^H a^m. o}n] 

*1 v±x)js\. x) s) J£AltV 3Mt}. >^7l £ 3# cf^lsj- ^e]s] 

5-^ ^B) tilE S <^3tt <>H*1 A 2}-^^ G» #7l S^Ei 
^1 N^S i-Pr<>1 rf^ ^(Majority Value) Q(G/N) 
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3, #^Rr ^wl^l^^CDividerXSOO)^, #7l <gs? °1«1*1 A ^}^] # 

G» #71 3-Sfl^& N^-S M-^ i~M*l& R(G/N)S ^ #^*Rr M-H^l 31^Pf 
(302)£h ^^1^171- ^}S.^^r 3M1:S *^>J! ol^ 3Ml-(306):3]-, # 

(306)3 tfl-g-s}^ z]- s}-^^ ^^1^1 ^-S^^ Hlia^- 2*1sHjM #3*Rr ^, # 
7l i-H*l& R<>1 #7l ^tH*!:^ JEL71M- ^jo^ ^oiaij: t^- ^-o.^ 
feel S-^S 'O** #^Kr til (304)^, #7l ^fS^- tflo] ^-(306)5.^-^1 z}- 
<y^l^l ^S^-iJol #5j£)5^t *lH*Hr 31*1 ^1^-^(308)^-, #71 t^wl-olc-l 

^-(300)5.^-^1 #^£jfe ^ & OS °1 u]x] zl- sj-^^ zieflo] ^«.^3l- 

#7l til ^(304)5-^ #^3fe 2*ls|- *|e1^ ^ olul^l z}- ^^jol 

^ Zl" sM^I^ 7K>*H #S^>fe 7>^7l (310)^1-, #71 7>#7l (310)5.^ t^Sjfe ^ 
Bl cldig (Multi-Bit Dithering)^ ^ °H*1-I- ^ s^h^ zisflol ^^cfl tcJ-b]- 

^2^H ^iS cf-E- 371^1 ^ ^]ifls]S.^- *lH*l-fe 
^a^CPulse Width Modulation: PWM) (312)5. ^^cf. 

ol^l- #71 5. 3# ^*1 ^cfl ^1-71 eflo]x-l w] S^E-HAl 

3-$}°] 7}& tM*lS* ^el $3.^ ^*hir ^^^rf. ^-g- 

^^^1 tH^l ^3 ^3 o] ^ ^^o] ^ # G # 4tilSS 

^S^H S^Hr^t efllH^l- 16oH, ^;£*]o] ^^z* N ol 4, ^ ^-g- 4 

^ 5£°1 0,1,2,3,4^1 n.z]]o) £Al«Hr a)]* ^ ^^^>7lS ^4 

°l*l*lsl ZLsflol G 7> <g^sl^, #71 neflol t^wH 
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C-W300) ^ M-^^l 31 #-¥-(302) 5. <y^£H ^wHcl^-(300)^^fe- ^7} neflc] ^ 
S3t G7> claHci Tfl^ D3. ^¥^^1 *3 a Q7> ^^|aL, t+^x] Tfl^f (302)^ 

#7l zlsIIo] G7> t^w^ Tfl^ DS. M-^l^l a R°l °M 

^7) o] XI ^| y]M^ M=16# #^^]^ ^-*fl^ & N=4^S. M-fe #.2.3. 

olHflo^ 1]^A^ ^ol ^xl^l, 

<20> 1] 

D = M/N = 16/4 = 4 



^1^1 7> 4^^.S t^^Hl S*lS)^r <^1» »<H ^ 0 1^- 

^•71 ^ iL^l^r z>c>l 4(16/4)7> ^tj-. 

<22> -53-71 & Q^r ^-71 zieflol a^zJ cK^cljl ^-71 D<*fl 2\n 0*f[*\ N-l^ 

7H£^ Mf^AS o] D l*l Zj- gj-^ jZL^Jo] 

<23> a f £ 4 Oj (3)0,1 S Al^ ti><2}- ^ OlDl^l Z}- ^jo] ^Jg.^ S. 

42] (c)°fl 3E.A]^ ti><4 z>ol D ofl cqsfl 14^01^1 3 s.o^ # q S ^^ol #^^1 £-Sfl 

<24> SE^t ^-71 M-^ll* R^r Bflo] ^-(306)5.^ ^]7>sl^- ^Tfl^sq- a] 51^- (304) 

<HH al57£)^i:-ll WliH«-(304)^ #Efl5q- 4t7HS -#7l R&M ^Tll^la-Cl- 371 M- ^ 
^ 'l'er #^^:4. °H til 51 ^- (304) ^ 
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7) zl$}o] ^-g-& G o| ^£ tfl-g-s]7ll ^) G 3 ^^(Minority 

Valuers. wV^t}. 

<25> ^-7] £ 4^ (aHl SA]^ W>Sf ^ o)v]x} ZL$}o] Q 

3"33 3l^(302)# #*fl S. 4^ (b)«*fl 5.3^ «>3- &o] d<H1 3*1) M-^^l zl i+ 
R3. £«:3^, £ 43 (dH £.3€ 3"3 ^ -s}^ n)o]^( 3 0G)s.^B\ <£7}& 
3" sMi3 M^Hl *fl#*Kr *}^&&«3- ^ jus) <^ ^-71 ro] ^^]s.t\- EL?]yJ- g*. 

'O'^S. 2*1 3?- 3°1 S. 43 (e)°fl £.3€ 3"3- ^ #2fl 2*1 sj- IJ-'tH-*! 
3 #33- *^^7fl 3-3-^1 3^ 3M3-. 
<26> ^-713- -fl^ 3^ Q3- i^Ste 7Hb7l(3i0)^>H 33)33 3# # 

^ol ^B) HIS 33^ #33 Ml #3 i^^-8r 2^l2j- «<H^ ^-g-^H ^^r & 

'0' T3 £-71 nfl^-ofl ^-71 7^71(310)3.^ #33^ 3^ Q 

SE^ Q+13 5} tf. ZL&|Ta ^7l Q £^ Q+13 ^2:^(312)3.^-3 ^ 

SS]J1, ^>7l &M1 ^fl^Kr 31 o] ^ 33. 3"€- £133 

<27> ^, 7>a>71(310)# ^-Sfl #^3^ ^3 «1M t^r-l^^ 3- SMisSOa. ^-71 £ 43 

(c)°fl 3-^& <H £ 43 (eH £3€ d^r&3- 7RK33 s. 43 UH33- ; & 

°1 3-3-331 33, -#3 s. 43 (fH £3€ 3^ #^ ^3 b)e 33^^ £ 43 
(g)<M3- 3 s. 3-^- ^33 *]afl3fe 3H3-. 

<28> i 5^ #7)® ^3 ^3 3-€- ^3 HIM 33*33- l 3S. 33^33 
3.5)1 3 G4] 3€r oiifl s.<S# wi^oi 3-3^ 53 as, #3 £ 5^1 33- 
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&o] #7) ^ W 1S t)&\^-8r ^ ZLiflol 5fl K^}7] ^ i5}2L^ =L7l7> 

£ ZLi*M eflt^l- a^*}-7l ^ f^S.^ 3.71 7} C-l ^-71 nfl€-6f| °1*1*1^| ^S. 

7} ^o}7^ 91^^.°} f^H, SEtb *>S€- H 1 -^ -H^f- ^-i^M nfl^-efl *}5. 

# €^ *Sh°3. ^t^l l:7>^^>7fl Sj°l clnl^^) ^^o] 7>^>7ll 



«V^- ^3 wis cjt^^- ^ ziefloi ^1^# 

*}7l fl^r = ^ ^71 7> ^-71 clc-l^Al^cl- 1/4^1 E)*l at^^S- 

5]^" ^^1 3*17} JL^f- &3.£\o\ ltilM ^t^# ^-g-* ^Jitf ^ 3l€^» 
K^}7] 371 7} Cj *M nfl^cH] ol^o} #x$s. 7 \. ^o}^ <?]4fl#^ 

ol #0]-^^, €^ ^#ol ZL^- &3.$7] ^^-ofl S>S^ ^vfl^ ^S-o] 

3r*Y£L3. q*£o] ^7>^}7ll 7>^>7ll 3fe ojuf 
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1] 

<331*l7} *> = ^#"t- l^M^S. 7^^>J1 flfe S>n^. Bflol^-^, 

#71 wl^S.^-E^ #^£j^ 2*1 Sj- ^e)^ ^^ *M*1 A ShM =L^\ 

^SM: A 7R>*H #^*Rr 7R>7]<2}-, 

<^Kr ^S^-S. ^ = ^EW*1 ZLiSlM 7 >^1 o] nl*) 
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2] 

H ^^1^ sMioll tfl-g-s)^ oj^i^i ^##4 hIjESH 2*1 si- ^tilfjKf 

#71 w]e rld^ ^e)^ <93 <>H*1» ^ ^Mi^ #£-iW ^ ^ 
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